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The study discussed in this report was carried out as part
of the efforts of the Pollution from Land Use Activities Reference
Group, an organization of the International Joint Commission,
established under the Canada — U.S. Great Lakes Water Quality
Agreement of 1972. Funding was provided through the Ontario
Ministry of Natural Resources and by the U.S. Environmental
Protection Agency through the Ohio Department of Natural Resources
and the Great Lakes Basin Commission. Findings and conclusions
are those of the authors and do not necessarily reflect the views
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Total sediment contributions to the Great Lakes basin from
streambank erosion are estimated at 845,000 tonnes per year. This
amount is not large when viewed on a global or continental scale or
in relationship to other sediment sources.
The average sediment yield rate from banks in the entire basin
is less than 20 kg/ha/yr. Thepredominance of forested areas in the
Canadian basin resulted in below average sediment yields.
Total phosphorus is the most significant chemical pollutant
associated with streambank erosion with an estimated 426,000 kg per
year being added to the lakes from eroding banks.
Downstream bank sections are not seen as causing greater or
more serious erosion problems except in localized areas. Loading
rates from these areas probably do not vary significantly from
other areas of the watershed.
Remedial measures investigations in the U.S. basin suggest that
the cost of reducing sediment yield from bank erosion would involve
approximately $345 per tonne. It is concluded that this type of
program would not be cost beneficial unless land of high value were
endangered. It is further suggested that greater benefits would be
accrued if these monies were used in reducing sediment yield from
sheet erosion. In the Canadian basin it is suggested that the
implementation of good management practices in and adjacent to
watercourses could reduce the sediment yield in agricultural areas.
  
 INTRODUCTION
Concern over the rapidly depleting water quality of the Great
Lakes system spurred the Governments of Canada and the United States
to request the International Joint Commission, under the Water Quality
Agreement of 1972, to investigate the significance of and recommend
solutions to pollution of the boundary waters from land drainage.
Specifically, the Commission was directed to inquire and to report on a
series of questions, identifying the nature and extent of pollution from
various land use activities and their impact on water quality.
Based on
these findings, they were further charged to investigate and make
recommendations of practical and realistic remedial measures for manage-
ment and control of pollution from land drainage.
Later in 1972, the Commission appointed a Reference Group on Land
Use Activities to plan and direct the study.
The Detailed Study Plan
developed by this Group defined four basic tasks required to undertake
the work.
Published in February of 1974, the PLUARG (Pollution from
Land Use Activities Reference Group) programme required "Task A" to
assess existing problems, management programs and research information
in an attempt to set1xibrities for early action based on the present
state of knowledge.
"Task B" was requested to inventory present land
use in the basin and analyze trends so that projections of future land
use cauld be made.
"Task C" has involved the detailed study of selected
watersheds to accurately determine the sources and relative significance
of various pollutants and to assess their degree of transmission to the
boundary waters.
"Task D" was asked to assess the degree of impairment
of water quality in the Great Lakes system.
Under Task C it was recognized
that riverbank erosion might contribute a significant amount of sediment
to the Great Lakes.
Activities were outlined in the 1974 Detailed Study
Plan for projects to be initiated in Canada and the United States to
examine this potential pollutant source.
The Ontario Ministry of Natural Resources, under the Conservation
Authorities Branch, was requested in early 1974 to act as the investigating
agency for the Canadian basin due to their prior involvement in water
resources and erosion and flood control.
Subsequently, in June 1974 a
study plan was formalized outlining the research objectives to meet, as
best as possible within the limited time frame of the study, the technical
requirements of PLUARG.
The Reference Group requested that each study
determine the relative significance of specific sources and practices
which yield pollutants of concern to boundary waters.
The degree of
transmission of pollutants from the sources and their impact on boundary
waters were also to be investigated.
Given these terms of reference, the following goals were established.
The main objectives of the Streambank Erosion Study were to gain a better
understanding of bank recession mechanisms and to characterize and quantify
the material eroded on a representative number of sites such that actual
contributions of sediment to study basins might be calculated.
An inter—
mediate goal of the research was to determine if, from their character-
istics, the amounts of sediment produced from streambank erosion could
be predicted.
Evaluation and analyses of on—site erosion in the study
watersheds also afforded a picture of the seasonality of streambank
erosion and land management practices associated with problem areas.
Lastly, it was projected that data obtained on-the study
2
 watersheds could be extended to give rough estimates of the contribution
by streambankerosion in the Canadian portion of the Basin to sediment
and nutrient pollution in the Great Lakes.
The objectives of the U.S. study were to evaluate the effect of
material eroded from riverbanks on water quality of the Great Lakes,
to determine measures for riverbank protectionand the cost of such a
program.
When this study was formulated neither funds nor time was available
to accomplish a complete investigation on the U.S. portion of the basin.
It was determined that only a small percentage of the basin could be
studied and that examining a large number of randomly selected small areas
was the best way to acquire accurate information on the various stream—
bank conditions.
The Soil Conservation Service had previously done land inventory
studies using this technique. The program called Conservation Needs
Inventory (CNI) used, in most of the Great Lakes Basin, 160 acre sample
areas selected on a random statistical basis that covered two percent of
the total area. Soil surveys had been made on each of these sample areas
and base maps showing their location were already available. It was
decided to use these sample areas for the streambank erosion study.
When the concept for this study was first conceived its feasibility
and cost was notknown so a trial was conducted on the Maumee River
Basin in 1974. After the concept was provedworkable and the costs could
be estimated more accurately it was decided that the major U.S. watersheds
selected for study by Task C would be studied using techniques developed




Due to slight differences in the original terms of reference and
funding agencies involved, the Canadian and United States streambank
erosion studies developed separate and different approaches and
methodologies. These have been explained in the following discussion.
An indication of the location of watersheds for both studies is shown
on Figure l.
CANADIAN STUDY
Following a search of pertinent literature it was determined that
limited information exists concerning the streambank erosion contributions
to river and lake sediments from streambank erosion. Furthermore it was
noted that reliable methods for predicting and estimating streambank
erosion rates under various situations are not available because the
basic factors affecting erosion are not well defined. As an initial step
in the Canadian research then, factors relating to streambanks and their
erosional processes were delineated.
The preliminary phase, completed in 1974 involved the mapping of
streambanks in sixteen upland watersheds chosen to represent the various
physiographic, climatic, land use and hydrologic regions of Southern
Ontario. A field coding system was devised by which the characteristics
of homogeneous lengths of bank were mapped onto reproductions of aerial
photographs.
Bank geometry (slope, shape and length), vegetation, evident
erosional mechanisms and soil material were noted.
These characteristics
were summarized into a computer inventory for use in later extrapolation
of erosion information.
Following the completion of the preliminary phase, twenty—five sites
were chosen on nine of the sixteen watersheds for detailed streambank
erosion measurement and characterization.
In this selection, an attempt
was made tochoosebanks and watersheds representative of the Southern
Ontario situation and where water quality monitoring programmes were
already established. To facilitate the extrapolation of sediment data
in conjunction with the sheet erosion research, the majority of sites
were established in the six Task C Agricultural watersheds undergoing
detailed study.
Additional sites were chosen from watersheds involved in the pre—
liminary study for reasons related to the morphology of the drainage































    
(A) Maumee River Basin









(H) o "m c k I t Shed
0 Upland Watersheds (HO)






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The field work on the pilot streambank erosion study began in the
fall of 1974 on the Maumee River Basin where a two percent sample of the
watershed was examined. Primary Sample Units (PSU's) of 160 acres in size
from the CNI were examined for streambank erosion conditions.
The procedure was for an individual of the field crew to walk along
every stream on each PSU recording pertinent data on a worksheet. These
worksheets were then sent to the Statistical Department, Iowa State
University where the data was transferred to punch cards and processed
by a computer. The computer then expanded the data to the county, state,
sub-basin and basin.
In order to maintain consistency it was necessary to define certain
of the terms used in the study. These definitions included natural
stream, modified stream, drainage ditch and the various land use and
treatment categories. For the purpose of this study natural and modified
streams were defined as having a bank height of at least three feet and
drainage ditches a bank height of four feet or more.
Each individual of the field crew was given the necessary maps to
locate the sample areas and to identify the soil series. They were also
given instructions for completing the work sheet, and definitions of the
terms used in the study.
The SCS from each state in the basin was asked to furnish an
estimated weight for a cubic foot of soil from an eroding streambank. In
order to compute the cost of existing treatment or treatment which was
needed, the SCS from each state was asked to furnish a cost per mile for
each treatment category.
Once the computer printout was available the soil series contributing
to streambank erosion could be identified. Samples of the major horizons
of the soil series were obtained and analyzed for the parameters selected
by the Task C Technical Committee.
Ater it was determined that the Maumee Study yielded reasonable
results and the cost figures were available it was decided that the major


















included in the study at the request of the Wisconsin Department of
Natural Resources.




















As previOusly stated, the Canadian Study involved investigations of
sixteen, predominantly agricultural, upland watersheds.
A summary of the
generalized land use, climatic region and physiographic region represented
by each watershed is included in Table 1.
From the mapping of streambanks completed in the preliminary phase,
a summary of the physical characteristics of the study watersheds was
compiled.
Some of the pertinent factors are included in Table 2.
The
six detailed agricultural study watersheds range in size from approximately
2000 to 6000 hectares and exhibit a wide variation in drainage densities.
Big Creek flows through an intensively cash cropped area of
southwestern Ontario and has a drainage density artificially increased by
the establishment of municipal and field ditches.
Streambank erosion is
high because of the large total streambank area susceptible to erosional
mechanisms, ditch clearing and the erodible nature of the soil.
Spring
snow melt and rains, when antecedent moisture is high, produce the greatest
potential streambank erosion.
Flows respond quickly to rainfall and snow
melt due to the dense network of tiling and ditching.
As the waters drop
in level, slumping occurs on the wet clay banks especially if high water
conditions are followed by a rapid drop in level.
Once the banks have
become dried and hard in late spring, little erosion occurs during the
summer
except in the form of rilling and minor amounts of scour.
A large
pr0portion of the channel area remains dry for the bulk of the year.
Near the opposite end of the streambank erosion scale is the Holiday
Creek Watershed.
Land use is less intensive with dairy farming, intensive
corn and some cash cropping.
Streambanks in the watershed are predominantly
low in slope and height and have been left in a well vegetated natural
state.
The area of exposed banks is quite small as is the total area of
banks showing evidence of erosion.
Recession rates measured on study banks varied depending on the bank
type,
soil, vegetation and many other factors.
The estimated and measured
rates on exposed banks ranged from less than 1 cm per annum to 18 cm.
Recession rates from the twenty-five detailed study sites were compiled for
use in extrapolation purposes.
The results from laboratory analyses of soil materials at the study
sites yielded physicaland mineralogical data for the range of conditions
of Southern Ontario soils.
Likewise the chemical analyses showed levels


























   
TABLE 1:
 
CANADIAN GREAT LAKES BASIN
GENERAL CHARACTERISTICS OF SIXTEEN PRELIMINARY WATERSHEDS
 
PHYSIOGRAPHIC CLIMACTIC


























































Ausable Plain feed crops, some cash
River cropping
* 4. Canagagigue Undrumlinized Till Huron Slopes Dairy farming with















































































































































































































































































































































































































































































































































The U.S. study involved wateresheds ranging in size from 1,200 to
1,792,000 hectares. The four largest watersheds, all of which were greater
than 35,000 hectares, were studied using a sample technique. The area the
samples covered in these watersheds ranged from 2 to 25 percent. The four
smaller watersheds, which were less than 5,300 hectares in size, were
sampled 100 percent. In other words the entire watershed was divided into
convenient sample plot sizes and each plot was field checked.
Land use within the watersheds was mostly agricultural. One watershed
was mostly urban and urbanizing. This watershed had the highest streambank
contribution to the total sediment yield.
These watersheds all lie in the southern half of the U.S. portion of
the basin and are scattered across the breadth as shown on Figure 1.







































































































































































































































































































































































Expansion of Data to Study Watersheds
To facilitate calculations of sediment loads from bank erosion, sites
for measurement of recession rates were chosen to represent actively
eroding bank types which were most prevalent in each study watershed.
Compilation of the streambank mapping information yielded data on the
area of bank in each watershed represented by a specific recession rate.
The method developed for approximating sediment yield involved
partitioning of common bank types in each watershed and calculating a
volume of eroded material based on a bank area represented and a
measured recession rate. A weight of eroded material was obtained from
bulk density determinations at each site. The assumption was made that
in most cases the silt and clay fractions would be transported, thereby
giving a delivery ratio which could be applied to the weight of the
eroded material from each major bank type in a watershed. This sediment
delivery ratio was used to calculate a sediment yield from bank erosion
for each watershed. By dividing by watershed areas, a sediment yield
rate in tonnes/ha/year was calculated and this rate was compared to a
calculated total sediment yield rate to give the percent contribution
from bank erosion. This data is summarized for the six detailed
watersheds in Table 4.
A similar process was used for the computation of the yield of total
phosphorus and extractable heavy metals. Chemical data was obtained on
the soil materials at the study sites and weighted average levels were
calculated and combined with sediment yields from bank erosion to give
amounts of nutrients produced. For total phosphorus an enrichment ratio
of 1.1 was assumed since delivery ratios were based on silt and clay
transport. Similar ratios were not available for heavy metals although
it is recognized that enrichment would occur from whole soil to trans-
ported sediment. The computed weights were converted to a per unit
watershed area to facilitate intercomparisons. This summary data is
presented in Table 5.
Extrapolation to Canadian Great Lakes Basin
Extrapolation to the Canadian Basin has involved a number of assump-
tions and necessary estimations and should therefore be treated as the
best approximations available at this time.
The general basis for extrapolation has been land use information
obtained from the September 1977 Joint Summary Report on Land Use
published by Task B. In that report land use categories were broken


























































































































































































































































































































































TABLE 5 - SUMMARY CHEMICAL DATA 0F
CANADIAN STUDY WATERSHEDS
YIELD RATE FROM BANK EROSION
 
TOTAL






kg/km /yr Cu Pb Zn Cr Ni Cd
Big Creek
AG—l










































































































































































































































































































































































































































































































































































































































































































































































































































































































































yield rate of 10 kg/ha/yr.
Similar equations were constructed to estimate bank erosion contri—
butions for the Task C basins; The Grand River,
Saugeen River and Wilton
Creek.
Estimates of sediment yields were 40, 17, and 5 kg/ha/yr
respectively.
For extrapolation of chemical data to the Canadian basin, it was
felt that information was too limited to predict heavy metal loadings
given the widely varying levels that can occur in soils.
Total phosphorus
was approached on a basin equation approach much like the sediment load
calculations and a total amount of phosphorus for the Canadian basin from
bank erosion was estimated at 81,900 kg/yr.
A summary statement of the basin phosphorus and sediment is con—




 U.S. STUDY .
Sediment yield from material eroded from streambanks was obtained by
determining the amount of sand, silt and clay that was furnished by
streambank erosion. Then a delivery ratio was selected for each size
fraction. This delivery ratio was based on judgement and experience,
comparison with the amount of that size material passing a gauge and
comparison with the computed sheet erosion. The delivery ratio for
each size fraction was multiplied by the amount of that material and the
product of the three sizes totaled for the yield. The delivery ratio for
material from streambank erosion from the watershed was determined by
dividing the yield from that source by the erosion. Sediment data from
; streambank erosion is shown in Table 7.
 
I Examination of the computer data shows that much streambank
.ﬁ treatment has already been installed and that frequently the most
3 expensive is yet to be accomplished. It is also recognized that in
E general streambank treatment is expensive and frequently not cost
beneficial. It is to be expected that much of the streambank treatment
still needed will not be cost beneficial. Table 8 shows summary data
on existing streambank treatment, needs and cost.
Total phosphorus and heavy metals delivered to the Great Lakes were
calculated by applying the known amount of these elements in the bank
material to the estimated yield from that source. All calculations are
based on yearly averages, with no attempt to correct for seasonal variations.
The computed weights were converted to rate per area to facilitate com-
parisons and are shown on Table 9.
Expansion of Data to the U.S. Portion of the Great Lakes Basin



































































































































































1. associated major land resource areas.
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and the cost of needed treatment.
Table 10 shows that the annual sediment yield from streambanks to
the Great Lakes is 617,110 tonnes.
Table 11 indicates the cost of streambank
treatment needed is slightly less than 213 million 1975 dollars.
The estimated annual sediment yield from sheet and gully erosion to
the Great Lakes is 4,316,200 tonnes.
The estimated sediment yield from
streambank erosion as shown on Table 12 is 617,110 tonnes for a total
sediment yield from the U.S. portion of the Great Lakes of 4,933,310
tonnes annually.
This makes the contribution from streambank erosion
about 12.5 percent of the total.
This percentage is larger than for any
watershed studied but it can probably be explained by noting that LRA
93 and 94 which are 31 percent of the basin are 80 percent forest.
Forested lands were not well represented by the watersheds studied but
it can be assumed that sheet and rill erosion in these areas is low. Most
of these areas are sandy which would tend to increase streambank erosion,
at least in relation to that from sheet and rill.
The confidence level for an expansion of chemical data from streambank
erosion to the basin is less than for the procedure for determining
sediment yield from streambank erosion or the cost of streambank treatment.
This is because only five of the eight watersheds studied had chemical
data of the stream discharge to compare with data from the eroding banks.
Also, information on every parameter on each watershed was not available.
Total phosphorus eroded from streambanks compared to that element in
the stream, is the most important and largest chemical contributor. Using
phosphorus as a "worst case" example of the chemical parameters and expanding
to the basin with the constraints listed above shows that slightly more
than 344,000 kg/yr are delivered to the Great Lakes from streambank erosion
(Table 12). This represents less than four percent of that contributed by

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE 12 - JOINT CANADA - U.S. SUMMARY OF




































NA - Not Available
 
 CONCLUSIONS 8: RECOMMENDATIONS
Due to differences in the approaches to streambank erosion
investigations on both sides of the border, study objectives varied
and conclusions and recommendations reflect these differences. There
are also statements that can be made common to both studies.
CONCLUSIONS
Joint Statements
1. The amount of sediment produced from streambank erosion can
vary from basin to basin, season to season and year to year.
It is also noted that the total amount of material eroded is
not large when viewed on a global or continental scale. For
the entire basin it is estimated that sediment yield to the
Great Lakes from streambank erosion is 845,000 tonnes per
annum.
2. When viewed relative to other sources of sediment, bank erosion
does not appear to be a major contributor, accounting for one to. '
_
ten percent of the load in the U.S. study watersheds and two .
to thirty-two percent in the Canadian Basins. ‘
3. Total Phosphorus is the most important chemical contributed
from bank erosion. An estimated 426,000 kg. of phosphorus
are added to the Great Lakes each year from eroding banks.
4. While downstream sections of rivers were not specifically I
included in the Canadian study watersheds they were in U.S.
study basins. There seem to be no reasons why loading rates
on these areas should be higher or lower than other areas.
If downstream banks were receding faster than study banks,
this would be evident on aerial photography. Canadian teats
indicated that this was not the case.
In addition to the above conclusions there are several comments
particular to each study. Under the U.S. project it was felt that the
cost of treatment per assumed tonne of sediment yield controlled
varies widely. This can be explained simply by noting the highest






































to reduce annual sediment.yield from streambank erosion is $345 per
tonne.
In the Canadian basins several other conclusions have been reached






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































From the study of remedial measures in the U.S. basins it was
determined that the cost of treatment of the annual sediment yield
from streambank erosion is $345 per tonne. This figure is very high
for the benefits which could accrue. If the total cost needed for
streambank treatment were instead spent for land treatment to prevent
sheet and rill erosion the resulting sediment decrease would be much
larger. The benefits from a reduction of sheet and rill erosion
would be greater still when it is considered that most contaminants
from agricultural land are attached to the fine particles removed
by sheet and rill erosion.
Canadian Study
The investigation of remedial measures was notincluded in the
original study objectives and was therefore approached on a different
level than in the U.S. Also it was noticed that good soil
conservation practices are not as readily accepted and implemented in
Canadian basin as they are in the U.S. Most of the Canadian
recommendations therefore deal with the prevention of bank erosion
through proper management of stream courses. It is recognized that
localized cases or encroachment on high value land by bank erosion may
warrant the expense of protective measures.
1. Agricultural cropping should bekept back from the bank
edge leaving a buffer strip as a-catchment for sediments
carried in overland flow and as an aid in stabilizing the
upper bank areas.
2. Featured animals need to be restricted from bank areas in
the spring when banks are wet and vulnerable.
3. Hydraulically vulnerable spots, such as tile outlets, drain
inlets and sharp bends are localized point sources of sediment
and should be properly protected.
4. Municipal and field ditches require better construction and
maintenance than at present. Establishment of bank slopes
should be related to the properties of the soil materials.
Ditch slopes should be revegetated and maintained.
 
5. A final recommendation deals with future research needs.
This study has established a base of information on bank
erosion and there is a need to continue study to accertain u
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